Surface soil moisture is a significant parameter in environmental systems. A new sensor capable of estimating surface soil moisture from reflection data is presented, called near-infrared reflection sensor. Relative reflectance method is used for prediction model development. The present study investigated the reflection variations in four soil samples with a wide range of soil properties. The results showed that quadratic models were constructed between relative reflectance and soil moisture with 2 R of 0.902, 0.865, 0.955, and 0.953. The 2 R of all combined soils model is 0.886. Compared with individual quadratic models for each soil sample, all combined soils quadratic model generated prediction accuracy with values of root mean square error (RMSE= 2.43%, 3.34%, 5.21% and 2.99%). Soil moisture estimation is largely improved when the quadratic model are developed individually on each soil type except for the Soil 4, compared with all combined soils model. Individual quadratic model yielded performances very similar to the individual linear relationship. Therefore, it is feasible to construct a single quadratic model to minimize that factor effecting on reflection. The most important meaning of this study is that surface soil moisture can be rapidly and accurately measured by near-infrared reflection sensor. In the future, the prediction models can therefore provide quick assessment of surface soil moisture directly in the field.
Introduction
It has been known for a long time that soil moisture is an important control on plant growth and land management, and also has a major impact on soil surface temperature, soil erosion and aeolian sediment transport [1, 2] . Near-infrared reflection measurement, as a powerful diagnostic tool, has been utilized in many disciplines such as food industries [3] , precision agriculture [4] and pharmaceutics. Meanwhile, its potential has also been recognized for soil moisture measurement, and many researchers have investigated the soil moisture reflection using near-infrared spectroscopy. For soil samples, near-infrared reflection spectra are directly influenced by the vibration in C-H, O-H, N-H chemical bond that absorb the light in the near infrared region [5, 6] . The most prominent absorption of soil moisture, related to overtones and combinations of fundamental vibrations of O-H functional groups, occurs in 1450, 1940 and 2200nm wavelengths [7] . Therefore, the reflection spectra can provide the information of soil water.
International Forum on Energy, Environment Science and Materials (IFEESM 2015) Many researchers have investigated the relationship between soil moisture and reflection, and the results indicate that a decrease in reflection with increasing the soil moisture content [8, 9] . Twomey et al. attributed the reduction to a changing of refractive index, and the refractive index between soil and water is less than that between soil and air, so increases the average degree of forward scattering. As a consequence, that increases the internal reflection of soil and results in greater probability of being absorbance [10] . But Neema et al. and Liu et al. found that the reflection reduces with increasing moisture content, after a critical point, the reflection increases with increase of soil moisture [11, 12] . So, constructing different predicted model has to be taken into account, while estimating the soil moisture from reflection. Although a number of authors have studied the overall trend of reflection varying with soil moisture, a reliable model will be needed for the quantitative estimation of soil moisture. Lobell et al. generated exponential regression model using four soils, suggesting that longer wavelengths are better suited for predicting volumetric moisture content above 20% [1] . Whiting et al. used the Gaussian model to predict the soil moisture, reducing the root mean square error (RMSE) [13] . Haubrock et al. introduced a new soil moisture index named the Normalized Soil Moisture Index ( NSMI), and achieved linear regression model between soil moisture and NSMI at 1800 and 2119nm wavelength with coefficient of determination (R 2 ) of 0.6 [14] . At single wavelength, soil reflection on soil water content can be well described by simple exponential decay equations, but showing distinct response patterns due to variation of soil properties [15] . However, all of these studies obtain reflection data employing spectrometer, which has high cost and power consumption and not applicable for situ measurement. This paper will measure the reflection data using Light emitting diodes (LED)-based near-infrared reflection sensor, which has been developed for use as a portable soil moisture meter. The major advantages of the system are its small size, low power consumption, longer lifetime and without any further spectral filtering.
The main object of this study are: (1) Investigate the correlations between reflection and soil moisture varying from dry to saturation for four soil types; (2) Take a step towards developing the predicted model with relative reflectance method for estimating soil moisture from reflection measurements; (3) Evaluate the accuracy of predicting soil moisture content based on soil reflection measurements;
Materials and methods

Soil sample and reflection measurement
Four soil samples were collected from different locations in China. The soil properties were measured and the mechanical composition was determined using an aerometric method ( Table 1) . All soil samples were first air dried and passed through a 1mm mesh sieve. Then the soils were packed in small, stainless steel corers with removable tops and bottoms. A piece of filter paper was placed against the bottom of the ring. The corers had the capacity of 100 cm 3 (Radius 5cm). Because the light only interacting with surface soil, forming a few millimeters penetration depth in soil. For keeping soil moisture uniformity in the ring from top to bottom, a new soil moisture adjusting method was developed: (1) Put the corers filled with soil into distilled water, and the water will removed into the soil through the filter paper; (2) After the soils were saturated, all of which will be taken into porous plate extraction system that can extract water from soils under air pressure provided by high pressure air tank; (3) when a certain amount of water extracted from that system, the soils were taken out and measured the infrared reflection of soil surface, then immediately weighted the soil samples for calculating corresponding soil moisture. The soil samples were removed periodically from the pressure chamber and weighted until equilibrium was International Forum on Energy, Environment Science and Materials (IFEESM 2015) reached at the 15 bar suction that accepted as wilting point. Chongqing 0∼47.1 61 20 19 Soil surface reflection data at 1800 and 1940 nm wavelength were acquired with near-infrared reflection sensor that has been designed and used in the laboratory. The LED-based optical sensor is shown in Fig. 1 . LEDs are at an incident angle of 45° to normal incidence respectively. The detector is positioned vertically at a distance of 15 mm from the soil sample surface and six light emitting diodes (LEDs) arrange circularly around light detector.. The three LEDs (band centred at 1800 nm and band centred at 1940 nm) sequentially are driven and the radiation from LEDs at a time is directed to soil surface. Detector receives the reflection light and is followed by a two-stage preamplifier before data acquisition by the analog to digital converter. At the same time, a large number of times the measurements were replicated over the same target to minimize the measurement uncertainty. 
Model method
Soil moisture estimation approaches based on reflection data have been discussed extensively in the literature [1, 14, 16, 17] . In this study, relative reflectance approach is investigated to develop the relationships between reflection measurement and soil moisture.
Relative reflectance approach
Single absolute reflection is normalized by the reflection under dry conditions over the same soil. It is termed as relative reflectance approach and used only one wavelength, which can minimize the effect of soil type, sample geometry and surface roughness [12] .
International Forum on Energy, Environment Science and Materials (IFEESM 2015) where ' R is the relative reflectance; θ R is the reflection value of the wetted soil surface and 0 R is the reflection value of the dry soil surface.
Results and Discussions
The relationship of soil moisture and relative reflectance The relative reflectance of all four soils consistently decreases from low to high moisture level, and shows similar trends. So, soil 4 is selected as an example for individual soil consider here. The quadratic model was calibrated for each soil separately, and all soils simultaneously (Fig. 2) . The range of relative reflectance variation is maximal at the lower soil moisture content, but the little sensitivity of reflectance when moisture content is almost above 30%. This general pattern is consistent for all four soil types. As soil moisture increases, water is first adsorbed to particles surface, and then proceeds to fill micro and macro pores [18] . So, when soil is approximate to saturation, most of particle surfaces are full of water and additional water will fill large pore which have little effect on reflection [1] . For individual soil and all soils, the quadratic function ( c bx ax y + + = 2 ) describes the relationship between relative reflectance and moisture content significantly well, particularly for soil 3 and soil 4, with a high correlation efficient ( 95 .
and low root mean square error (RMSE) ( Table. 2). However, the regression coefficients of quadratic equations are slightly different due to variation in soil sample properties.
Calibration and validation
In order to formulate a calibration equation for each soil type, different soil moisture level composes a dataset. The dataset was divided into two groups. One group of data was used for calibration and the other for validation. The calibration data used randomly out of the dataset under soil moisture level and the prediction statistic was calculated for the remaining data. At the same time, a single prediction model is constructed using all four datasets.
The best models were defined as those which presented lower values of root mean square error and higher determination coefficient ( 2 R ), therefore, two statistical indices were employed to estimate the accuracy of the measured data, the determination coefficients ( 2 R ) and root mean square error (RMSE). 
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where i θ and i θˆ are the measured and predicted soil moisture content respectively, %; θ is the average of the observed values, %; and n is the number of samples. The measured and predicted moisture content for four soil samples are compared using individual quadratic model and all combined soils quadratic model respectively in Fig. 3 and Fig. 4 . For each soil type, the RMSE of individual quadratic model is 2.47%, 2.54%, 3.81% and 4.29 respectively, which indicates the quadratic model has a better prediction accuracy. The RMSE (2.43%, 3.34%, 5.21% and 2.99%) of all soils quadratic model are approximate to that of individual quadratic shown in Table 2 . Therefore, it is feasible to develop a single quadratic model for surface soil moisture, and relative reflectance approach can minimize the factor in the description of soil type effects on reflection. But the major disadvantage of using this method is that the fitting curve predicts high moisture contents poorly because of the relative reflectance being close to a constant when the soil moisture content reaches a certain value. It is also complicated in the field application due to the reflection value of the appropriate dry reference sample. 
Conclusions
Four soil samples illustrated with near-infrared reflection sensor, and the results showed a decreasing trend of relative reflectance with increased soil moisture content. The prediction model is developed for surface soil moisture estimation, quadratic model between relative reflectance and soil moisture content. The four samples showed distinct response patterns, most likely due to the variation of soil properties including texture, soil color and organic matter content. The prediction results of individual quadratic model and all soils quadratic model are quite close. Therefore, it is easier for quadratic model to construct a single prediction.
In this study, homogenized soil samples were used for reflection measurement in the laboratory and both of the two models generated more reasonable prediction values. In future studies, the approach needs to be applied in the field, therefore, further research is necessary to test the developed modeling concepts on a larger data set covering a wider variety of soils, particularly on the applicability of the model under highly variable heterogeneous field conditions.
